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© Method of bonding together two bodies. 



© A method of bonding together two bodies (1 , 2), 
according to which a first body (1) is provided with a 
flat surface (5) and the second body (2) is provided 
with a silicon oxide layer (4) with a flat surface (6) f 
after which a connecting layer (7) containing sboron 
is provided on at least one of the two flat surfaces. 
Subsequently, the two bodies (1. 2) are pressed 
together at elevated temperature, so that a 



borosilicate glass layer is formed. According to the 
invention, a layer of practically pure boron is used 
by way of connecting layer (7). 

Among the advantages of this is that the com- 
position of the borosilicate glass layer is exclusively 
determined by the previously chosen layer thicknes- 
ses. 
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METHOD OF BONDING TOGETHER TWO BODIES 



The invention relates to a method of bonding 
together a first body and a second body, the first 
body being provided with a flat surface and the 
second body being coated with a silicon oxide 
layer, which is also provided with a fiat surface, 
whereupon a connecting layer comprising boron is 
applied to at feast one of the two flat surfaces and 
subsequently the first body and the second body 
are pressed against one another with the said flat 
surfaces during some time at an elevated tempera- 
ture, after which one of the two bodies is made thin 
by removal of material. 

The connection in this case is made by a 
borosilicate glass layer which is formed by the 
reaction at elevated temperature of the connecting 
layer comprising boron with the silicon oxide layer. 
A suitable choice of the layer thicknesses makes it 
possible to achieve a layer of borosilicate glass of 
such a composition that this layer has a compara- 
tively low or high softening temperature. 

By means of the method referred to, a struc- 
ture is realised comprising a thin layer of material 
having, for example, semiconductor, magneto-op- 
tical, optoelectrical. ferroelectrical, electrically con- 
ductive, superconductive, isolating, or photorefrac- 
tive characteristics and lying on an insulator. The 
insulator consists of a layer of silicon oxide which 
contains boron. The two layers are supported by 
the other body, which was not made thin. This 
body may be manufactured from, for example, 
silicon, quartz, sapphire, or a garnet If silicon is 
used as the material for the thin layer, such a 
structure is called SOI (Silicon On Insulator). In 
such a thin layer of semiconductor material it is 
possible to provide semiconductor circuits. These 
circuits have the advantage that they are less 
prone to interference owing to, for example, "latch 
up", that they are insensitive to radiation, that the 
parasitic capacitances are smaller, and that they 
allow of a high circuit density. 

A method of the kind mentioned in the opening 
paragraph is known from the US Patent no. 
3,909.332, in which a glass connecting layer of 
boron oxide and silicon oxide (borosilicate glass) is 
used for bonding the bodies together. According to 
the method, two silicon wafers provided with a 
silicon oxide layer, with a borosilicate glass layer 
in-between, are pressed against one another with a 
pressur of approximately 3 x 10 6 N/m 2 . When the 
temperature is raised to 900° C, the borosilicate 
glass layer will start to flow from 500° C. so that 
borosilicat glass is partly pressed out from b - 
tween the bodies and caught by means of mica 
leaves in th pr ss. The remaining borosilicat 
glass reacts with the silicon oxide lay rs, forming a 



different borosilicate glass with a lower boron con- 
tent than that of the original borosilicate glass. This 
results in a borosilicate glass having a higher soft- 
ening temperature than the original borosilicate 
s glass. 

The invention has for its object inter alia to 
provide a method by which a connection is formed 
between the bodies in a simple way without the 
connecting layer containing the boron starting to 

to flow. Another object of the invention is inter alia to 
provide a method by which a stronger borid""be- 
tween the bodies is achieved. 

According to the invention, the method of the 
kind mentioned in the opening paragraph is char- 

15 acteri2ed in that a layer of practically pure boron is 
used by way of connecting layer. Contrary to 
borosilicate glass layers, which have a relatively 
low softening temperature of approximately 500- 
800° C, practically pure boron is thermally more 

20 stable. Practically pure boron does not melt until at 
approximately 2300° C. While the bond is being 
formed, boron atoms can diffuse from the layer into 
the silicon oxide layer. These atoms are compara- 
tively mobile because they do not form part of a 

25 lattice formed by the silicon/oxygen atoms of the 
silicon oxide layer. The boron is able to distribute 
itself over the silicon oxide layer without glass 
phases having a low softening temperature being 
created. A bond is thus obtained in which the 

30 bonding layer is not pressed out from between the 
bodies. Among the advantages of this is that the 
composition of the borosilicate glass layer formed 
by mixing of the connecting layer with the silicon 
oxide layer is determined exclusively by the layer 

35 thicknesses previously chosen. 

Preferably, the method according to the inven- 
tion is characterized in that the connecting layer of 
practically pure sboron receives a polishing treat- 
ment before the first body and the second body 

40 are pressed together. This polishing may take 
place either in a wet chemical or in a wet mechani- 
cal process. Preferably, the polishing treatment is 
so carried out that an optically smooth surface is 
obtained, because the connection is then activated 

45 by van der Waals forces. It should be noted that it 
is difficult to polish borosilicate glass, contrary to a 
layer of practically pure boron, without water and 
other impurities remaining behind in the glass, be- 
cause this glass is hygroscopic. 

so A further preferred embodiment of the method 

according to the invention is characterized in that 
the layer f practically pure boron has a thickness 
of between 1 and 200 nm and the silicon oxide 
lay r has a thickn ss of between 0,01 and 2 urn. If 
the thickness of the silicon oxid layer is chosen to 
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be greater than the thickness of the layer of prac- 
tically pure boron, it is possible to achi ve a con- 
nection between the bodies without the boron 
reaching and polluting the adjoining body by diffu- 
sion in the silicon oxid layer. 

A particular preferred embodiment of the meth- 
od according to the invention is characterized in 
that the elevated temperature required for forming 
the bond is obtained by heating the practically pure 
boron by means of radiation which is transmitted 
by the body and absorbed by the layer of prac- 
tically pure boron. The radiation may be generated 
by means of, for example, a laser, so that local 
heating of the boron layer is achieved. 

The invention is explained in more detail be- 
low, by way of example, with reference to the 
drawing and a few embodiments. 

In the drawing: 

Figs. 1-4 show a number of stages in the bond- 
ing process of two bodies by a method accord- 
ing to the invention, 

Fig. 5 shows a semiconductor device manufac- 
tured by a method according to the invention, a 
transistor* being provided in the thin layer of 
semiconductor material, and 
Fig. 6 shows a preferred embodiment of a meth- 
od according to the invention by which the con- 
nection between the two bodies is obtained by 
means of a laser. 
Figs. 1-4 diagrammatically show a number of 
stages in the bonding process of two bodies by a 
method according to the invention, in which the 
first body 1 is provided with a fiat surface 5 and the 
second body 2 is coated with a silicon oxide layer 
4, which is also provided with a flat surface 6, after 
which a connecting layer 7 containing boron is 
applied to at least one of the two surfaces 5, 6. 
Subsequently, the first body 1 and the second 
body 2 are pressed together at elevated tempera- 
ture with the said flat surfaces 5, 6 for some time, 
after which one of the two bodies 1 , 2 is made thin 
by removal of material. 

The first body 1 and the second body 2 in this 
example are a support body 1 and a semiconduc- 
tor body 2, both silicon wafers with a diameter of 
7,5 cm and a thickness of 500 urn. Other semicon- 
ductor materials than silicon are also possible for 
the wafers, for example gallium arsenide or indium 
phosphide, white also the material of the support 
body 1 does not have to be the same as that of the 
semiconductor body 2. Thus the support body 1 
may also be made from a material other than 
semiconductor mat rial, such as, for exampl , 
glass, sapphir , or a garnet. 

The semiconductor b dy 2 and th support 
body 1 are both provided with a silicon oxide layer 
3, 4, for example by deposition from the gas phase 
by decomposition at elevated temperature of 



tetraethoxysilane, Fig. 1 . The surface of the silicon 
dioxide layers 3, 4 is then polished flat. Subse- 
quently, at least one surfac 5 of a silicon oxid 
layer 3 is provided with a connecting lay r 7, Fig. 
5 2, after which the semiconductor body 2 and th 
support body 1 are pressed together with the flat 
surfaces 5, 6, Fig. 3. After bonding of the bodies 1, 
2, the silicon semiconductor body 2 with a thick- 
ness of approximately 500 urn is made thin, Fig. 4, 

io for example by isotropic etching back of the semi- 
conductor body 2 until a layer 8 remains having a 
thickness of approximately 1 urn. 

Fig. 5 shows a semiconductor device in which 
a transistor 9 having lateral dimensions of approxi- 

76 mately 4 x 4 urn is provided in the thin layer of 
semiconductor material 8. The transistor 9 In this 
example is a MOSFET transistor comprising a 
source and a drain zone 11, 12 and a gate 13 of 
polysilicon with a gate oxide 14 and a gate insula- 

20 tion 15 of silicon oxide. The transistor 9 Is bounded 
by field oxide regions 10 in the thin layer 8, which 
regions are obtained, for example, by local thermal 
oxidation of the thin layer 8 during one hour at a 
temperature of 1050° C. A transistor 9 manufac- 

25 tured in this way is an example of an SOI structure 
which is not sensitive to latch up, which is Insensi- 
tive to radiation, and whose parasitic capacitances 
are low in comparison with other structures. 

According to the invention, a layer of prac- 

so tically pure boron is used for the connecting layer 
7. Thus a bond is achieved between the bodies 
without the connecting layer 7 starting to flow out 
while the bond is being formed. The boron layer 7 
may be provided on one or both surfaces 5, 6 of 

35 the silicon oxide layers 3, 4 in a usual manner, for 
example by sputtering. 

The boron layer 7 is preferably polished before 
the semiconductor body 2 and the support body 1 
are pressed together. A flatter surface of the con- 

40 necting layer 7 is obtained in this way, which 
reduces the risk of mechanical stresses and the 
formation of dislocations in the semiconductor 
body 2 during pressing together of the bodies 1, 2. 
The boron layer 7 may be polished either in a wet 

45 chemical or alternatively In a wet mechanical pro- 
cess with the relevant suitable polishing means. If 
polishing is carried out In such a way that an 
optically smooth surface of the boron connecting 
layer 7 Is obtained, the bond will be reinforced by 

so van der Waals forces. An optically smooth surface 
Is understood to mean a surface with a roughness 
below 10 nm. Good results are obtained with the 
so-call d "Syton" polishing method, a combination 
of both ch mical and mechanical etching. Polishing 

55 takes plac in this case with a colloidal suspension 
of silicon oxide in a watery solution of sodium 
hydroxide. The connecting layer 7 is pr ferably 
applied on both surfac s 5. 6 of the silicon oxide 
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layers and polished to optical smoothness in ord r 
to reinforce th bond with van der Waals forces. 

The bodies 1, 2 are pressed against one an- 
other with a pressure between 1 x 10 s and 1 x 10 7 
N/m 2 for forming a bond between the semiconduc- 
tor body 2 and the support body 1. The minimum 
value for the pressure is approximately 1 x 10 s 
N/m 2 for achieving the bond. On the other hand, 
the pressure must not exceed 1 x 10 7 N/m 2 , since 
the mechanical stresses would then become too 
great A minimum temperature of 900° C is re- 
quired for achieving the bond, the boron entering 
into a chemical reaction with the silicon oxide lay- 
ers 3, 4. The reaction takes place at an elevated 
temperature of 900° C after approximately four 
hours in the case of a silicon oxide layer having a 
thickness of approximately 1 urn, at 950* C after 
approximately two hours, at 1000° C after approxi- 
mately half an hour, and at 1050* C after a few 
minutes. 

Fig. 6 shows a preferred embodiment of a 
method according to the invention, in which the 
bond between the two bodies 1, 2 is obtained by 
means of a laser 16. The elevated temperature 
required for forming the bond is realised here by 
heating the boron layer 7 locally by means of the 
laser radiation 17. Heating is continued here until 
the boron has been absorbed in the silicon oxide 
layers 3, 4. In this example the laser beam 17 is 
generated with a solid-state laser of the Yttrium 
Neodymium Garnet type with an effective radiation 
power of at feast 1 Watt. A suitable wavelength to 
which this laser may be tuned is 1064 nm. Radi- 
ation of this wavelength is substantially completely 
absorbed by practically pure boron and substan- 
tially completely transmitted by materials like sili- 
con oxide and pure silicon. 



Claims 

1 . A method of bonding together a first body and a 
second body, the first body being provided with a 
flat surface and the second body being coated with 
a silicon oxide layer, which is also provided with a 
flat surface, whereupon a connecting layer com- 
prising boron is applied to at least one of the two 
flat surfaces and subsequently the first body and 
the second body are pressed against one another 
with the said flat surfaces during some time at an 
elevated temperature, after which one of the two 
bodies is made thin by removal of material, char- 
acterized in that a layer of practically pure boron is 
used by way of connecting lay r. 

2. A method as claimed in Claim 1, characterized 
in that the connecting layer of practically pure 
boron receives a polishing treatment before the 
first body and th second body are pr ssed to- 



gether. 

3. A method as claimed in Claim 2, charact rized 
in that the polishing treatment is so carried out that 
an optically smooth surface is obtained. 
6 4. A method as claimed in Claim 3, characterized 
in that the connecting layer is provided on both 
said surfaces. 

5. A method as claimed in one of the preceding 
Claims, characterized in that the first body and the 

to second body are pressed against one another with 
a pressure between 1 x 10 s and 1 x 10 7 N/m 2 at an 
elevated temperature between 900 and 1050° C for 
at least a few minutes and at most for hours. 

6. A method as claimed in any one of the preced- 
es ing Claims, characterized in that the layer of prac- 
tically pure boron has a thickness between 1 and 
200 nm and the silicon oxide layer has a thickness 
between 0.01 and 2 urn. 

7. A method as claimed in any one of the preced- 
20 ing Claims, characterized in that the elevated tem- 
perature required for forming the bond is obtained 
by heating the practically pure boron by means of 
radiation which is transmitted by the body and 
absorbed by the layer of practically pure boron. 
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